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seem s m o re conven ien t to u se a t ip of need le shape, ju st as the one u sed in STM. Since the
feedback cu rren t u sed to con tro l d t- s　 in SECM w ill be less sen sit ive to the d istance changes
of the needle2shaped t ip , an electrochem ica l scann ing tunneling m icro scopy (ECSTM ) sys2
tem m ay be u sed to d irect the t ip m ovem en t and to con tro l the t ip 2sub stra te separa t ion.
W o rk aim ing at th is goa l is cu rren t ly in p rogress.
Ke y w o rds　Confined etchan t layer techn ique (CEL T ) , Silicon, H igh reso lu t ion
etch ing
A cknow le dgm e nt　T he suppo rt of th is research by the N ational N atu ral Science Founda2
t ion of Ch ina is gratefu lly acknow ledged.
Re fe re nce s
1　Bard A J , Fan F 2R F, P ierce D T et al. Chem ical im aging of su rfaces w ith the scann ing electrochem ical
m icro scope. S cience, 1992, 254: 68
2　M andler D , Bard A J. H igh reso lu t ion etch ing of sem iconducto rs by the feedback mode of the scann ing
electrochem ical m icro scope. J . E lectrochem. S oc. , 1990, 137: 2468
3　M eltzer S, M andler D. Study of silicon etch ing in HB r so lu t ions using a scann ing electrochem ical m icro2
scope. J. Chem. S oc. F arad ay T rans. , 1995, 91: 1019
4　T ian Z W , Fen Z, T ian Z Q et al. Confined etchan t layer techn ique fo r tw o2dim ensional lithography at
h igh reso lu t ion using electrochem ical scann ing electrochem ical m icro scope. F arad ay D iscuss, 1992, 94: 37
5. T ian Z W , T ian Z Q , L in Z H et al. M icro2(nano2) fab ricat ion techn iques fo r th ree dim ensional comp lex
pattern s—— their common difficu lt ies and so lu t ions. Ch inese J . S cien tif ic Instrum en t, 1996, 17: 14
6 　L uo J , Su L Y, W u J T et al. T he determ ination of the react ion rate con tan t of A s ( III) scavenging







中极为重要并占统制地位的材料。近年来, 扫描电化学显微镜 (SECM )用于表面加工的研究颇受注
目。然而, SECM 刻蚀分辨率往往因为刻蚀剂的横向扩散而受到限制。最近, 田昭武等提出的一种
可进行高分辨率微加工的新方法——约束刻蚀剂层技术 (CEL T ) , 可使刻蚀反应具有高度的距离
敏感性, 刻蚀分辨率得到极大改善。我们利用CEL T 技术刻蚀硅表面, 以 60 Λm 及 100 Λm 直径微
电极产生刻蚀剂B r2, 刻蚀溶液中加入亚砷酸作为B r2 的捕捉剂刻蚀得到的图案与所用微电极尺
寸符合, 直径分别约为 60 Λm 和 100 Λm。与 SECM 方法得到的 110 Λm 和 180 Λm 分辨率相比, 刻
蚀分辨率得到大幅度提高。
关键词　约束刻蚀剂层技术 (CEL T ) , 硅, 高分辨率刻蚀
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Im proved Etch ing Resolut ion on Sil icon
by the Conf ined Etchan t Layer Techn ique
①
Zu Yanb ing X ie L ei M ao B ingw ei　M u J iqian　X ie Zhaox iong　T ian Zhaow u3
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Sun L in ing
(R obost Inst. , U niv. of T ech. of H arbin, H arbin　150001)
M icro2 and nano2fab rica t ion techn iques are of grea t im po rtance in m in ia tu rizing m an2
m ade system s. T he scann ing electrochem ica l m icro scopy (SECM ) has been in troduced re2
cen t ly as a very p rom ising w et etch ing techn ique fo r m odifying m eta l and sem iconducto r su r2
faces[ 1～ 3 ]. How ever, the h ighest ach ievab le reso lu t ion of etched pat tern s on the su rface by
SECM depends no t on ly on the t ip d iam eter from w h ich etch ing species are genera ted bu t a l2
so the rad ia l d iffu sion of the etchan t under the SECM configu ra t ion. It has been show n tha t
etch ing p rocess takes p lace on su rfaces such as GaP, CdT e and Si in a m uch larger area than
the actua l t ip d iam eters[ 2, 3 ]. O bviou sly, th is lim ita t ion of SECM due to the d iffu sion of
etchan t ham pers its app licab ility in h igh reso lu t ion fab rica t ion of su rfaces.
How ever, a confined etchan t layer techn ique (CEL T ) recen t ly p ropo sed by T ian et a l.
overcom e the p rob lem s by confin ing the etchan t to a certa in d istance from the t ip w here it is
genera ted. Fu rtherm o re, the p rincip le of CEL T w ill a lso lead to a new electrochem ica l w et
etch ing techn ique fo r rea l th ree2dim en siona l rep lica t ion w ith h igh reso lu t ion [ 4, 5 ].
In the etch ing p rocess u sing CEL T , the act ive etchan t genera ted a t an electrode su rface
can be rap id ly con sum ed th rough hom ogeneou s react ion w ith o ther redox coup les on its w ay
of d iffu sing to the sub stra te. T hu s, the etchan t can be confined w ith in a very th in d iffu sion
layer su rrounding the t ip electrode su rface, and a rep lica t ion of 3D pat tern w ith h igh reso lu2
t ion can be rea lized. T he th ickness of the confined etchan t layer (CEL ) can be rep resen ted
by the specif ic th ickness of the d iffu sion layer (Λ) , w h ich is g iven by [ 4 ]
　Λ = ( D ök s) 1ö2 (1)
w here D is the d iffu sion coefficien t of etchan t in so lu t ion, and k s　 is the ra te con stan t of the
p seudo2f irst2o rder scavenging react ion.
① R eceived 15 D ec. 1996
In th is let ter, w e repo rt w o rk on im p roved etch ing reso lu t ion on Si by CEL T. CEL T experi2
m en ts w ere conducted w ith a con tro lled m icropo sit ion ing device assem b led in ou r labo ra to2
ries. Fo r com parison, the experim en ts w ere first conducted based on the SECM etch ing p rin2
cip le in a so lu t ion of 5 mm o l·dm - 3　HB r, 0. 5 m o l·dm - 3　H F and 0. 5 m o l·dm - 3　H 2SO 4.
CEL T etch ing experim en ts w ere then conducted in a d ifferen t p lace and in the sam e so lu t ion
w ith the addit ion of 50 mm o l·dm - 3　H 3A sO 3　as the scavenger fo r b rom ine genera ted a t the
m icroelectrode.
F ig. 1　A FM surface p lo t and sect ion analysis of an n2type Si< 111> su rface etched w ith a 60 Λm diam e2
ter p lat inum m icroelectrode (a) fo r 10 m in in a so lu t ion of 5 mmo l·dm - 3　HB r, 0. 5 mo l·dm - 3　
H 2SO 4　and 0. 5 mo l·dm - 3　H F, and (b) fo r 20 m in in above so lu t ion w ith the addit ion of 50
mmo l·dm - 3　H 3A sO 3
Results and D iscuss ion s
In the SECM etch ing p rocess, a po sit ive feedback cu rren t appeared as the t ip app roach2
es the silicon su rface. T he SECM feedback m echan ism w as ex ten sively stud ied by Bard and
co2w o rkers. T he po sit ive feedback cu rren t ob served in th is experim en t w as the resu lt of the
b rom ine recycling betw een the t ip and the sub stra te. T he electron tran sfer betw een b rom ine
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species and silicon leads to the etch ing a t the silicon su rface. F ig. 1 is the A FM su rface p lo t
and sect ion analysis of a typ ica l etch ing spo t on Si su rface ob ta ined after etch ing u sing the
p la t inum m icroelectrode of 60 Λm in diam eter . T he ou ter size of the etch ing pat tern is abou t
110 Λm , alm o st doub led tha t of the m icroelectrode diam eter. T h is resu lt ind ica tes tha t the
etch ing reso lu t ion is no t determ ined by the size of the t ip on ly. Fo r the etch ing p rocess w here
the heterogeneou s electron tran sfer is no t fast enough, the etch ing reso lu t ion can be even
m o re seriou sly low ered due to the th ick rad ia l d iffu sion layer of the etchan t.
In the etch ing p rocess based on CEL T , a scavenger chem ica l of H 3A sO 3　w as added in to
the electro lyte so lu t ion to con sum e the etchan t rap id ly and hom ogeneou sly. T he etch ing res2
o lu t ion w ill dom inan t ly depend on the ra te of the scavenge react ion of b rom ine. H igh la tera l
reso lu t ion of the etch ing pat tern is expected fo r a la rge react ion ra te con stan t (k s). T he ho2
m ogeneou s b rom ine con sum ing react ion is as fo llow s:
　B r2+ H 3A sO 3+ H 2O → 2B r- + H 3A sO 4+ 2H + (2)
T he second2o rder ra te con stan t of react ion (2) in su lfu ric acid has been determ ined to be
around 3. 6×105　L ·m o l- 1·s- 1 [ 6 ]. T he p seudo2f irst2o rder react ion ra te con stan t k s　 is abou t
1. 8×104　s- 1. T he th ickness of confined b rom ine layer can be ca lcu la ted from equat ion (1)
w ith the resu lt of abou t 0. 25 Λm. T he b rom ide species ox id ized a t m icroelectrode su rface re2
genera ted rap id ly due to the hom ogeneou s react ion (2) , and con sequen t ly, even w hen the t ip
w as far from the sub stra te, the t ip cu rren t w as severa l t im es la rger than tha t ab sen t of
H 3A sO 3. A s the m icroelectrode app roaches the sub stra te to w ith in severa l hundreds of
nanom eters, a m uch sm aller po sit ive feedback cu rren t appeared than in o ridnary SECM ex2
perim en ts and the etch ing react ion took p lace .
T he etch ing resu lt ob ta ined w ith the 60 Λm 2diam eter p la t inum m icroelectrode w ith
CEL T is p resen ted in F ig. 1b. T he upper lim it of the w id th of the etched spo t w ith clear "
cu t off " edge is around 60 Λm , m atch ing p recisely the m icroelectrode diam eter. T he h igh
etch ing reso lu t ion gives an evidence fo r the effect ive confinem en t of the d iffu sion layer of
etchan t. T he silicon su rface no t righ t benea th the t ip su rvived, therefo re, from the a t tack of
sho rt2life b rom ine species. A 100 Λm 2diam eter p la t inum electrode has a lso been u sed fo r sili2
con etch ing, and the d iam eters of etch ing pat tern s ob ta ined w ith and w ithou t u sing CEL T
are abou t 100 Λm and 180 Λm respect ively.
T he resu lts of th is w o rk show tha t the rad ia l d iffu sion of the etchan t species can affect
sign if ican t ly the silicon etch ing reso lu t ion. T he CEL T is ab le to confine the etchan t to a very
th in layer around the electrode su rface, and the etch ing reso lu t ion is thu s grea t ly im p roved.
It can be expected tha t w ith a very sm all t ip ( from severa l ten th of m icrom eter dow n to sev2
era l ten s of nanom eters ) and a very th in CEL ( around severa l ten s of nanom eters ) ,
ach ievem en t of m icro structu res w ith m uch h igher reso lu t ion is feasib le. In th is case, the
h igh reso lu t ion etch ing p rocess needs m o re p recise con tro l of d t- s. It shou ld be no ted tha t it
is very d iff icu lt to b ring a disk electrode p recisely to the sub stra te su rface as clo se as severa l
hundreds o r even ten s of nanom eters. In m o st cases, the g lass2w all su rrounding the P t d isk
electrode touches the sub stra te and resu lts in the fa ilu re of the d t- s　con tro l. T herefo re, it
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